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(57) ABSTRACT

Provided is a center device that enables a navigation device
to conduct guidance according to a route on the basis of the
latest map information, without imposing a heavy load on a
communication network. The center device calculates a
guide route as a center route on the basis of the latest of the
map information and information received from the navi-
gation device, specifies the map information that is available
to the navigation device, and calculates a guide route as a
navigation route on the basis of the specified map informa-
tion and the information received from the navigation
device. On the basis of the center route and the navigation
route, the center device specifies, from the map information,
different map information necessary for the navigation
device to give guidance on the center route, and transmits
the specified map information to the navigation device.
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FIG. 3
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FIG. 5
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FIG. 6A
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FIG. 7A
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CENTER DEVICE, PROGRAM, MAP
INFORMATION TRANSMISSION METHOD,
AND NAVIGATION DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

The present disclosure is a U.S. national stage application
of PCT/IP2013/004579 filed on Jul. 29, 2013, and is based
on Japanese Patent Application No. 2012-172008 filed on
Aug. 2, 2012, the contents of which are incorporated herein
by reference.

TECHNICAL FIELD

The present disclosure relates to a technology to provide
map information via a network.

BACKGROUND ART

Conventionally, there is proposed the prior art in which a
vehicular navigation device and a center computer compute
a route from the present position to a destination and the
navigation device provides guidance according to a route
selected by a driver (see Patent Literature 1).

PRIOR ART LITERATURES
Patent Literature
Patent Literature 1: JP-2002-303523A

SUMMARY OF INVENTION

According to the above-mentioned technology, however,
map information maintained in the vehicular navigation
device may be older than map information maintained in the
center computer. In such a case, the navigation device may
not appropriately provide a route that is computed by the
center computer and is transmitted to the navigation device.
For example, suppose a case where the route computed by
the center computer may contain a newly opened road. In
such a case, the navigation device does not have information
about the road and cannot allow the map to display the
newly opened road contained in the route received from the
center.

Generally, the center computer computes routes based on
latest map information. By contrast, the navigation device
does not always compute such routes. Obviously, it is
preferable that the navigation device could guide a route that
is based on the latest map information.

However, a communication network may be highly
loaded if the center computer transmits updated countrywide
map information to all navigation devices.

The present disclosure has been made in consideration of
the foregoing. It is an object of the disclosure to enable a
navigation device to guide a route that is based on latest map
information without putting a high load on a communication
network.

According to a first example of the present disclosure, a
center device comprises a map acquisition portion, a first
route computation portion, an available map specification
portion, a second route computation portion, a transmission
map specification portion, and a map transmission portion.
The map acquisition portion acquires a plurality of map
information. The first route computation portion computes a
route from a guidance start point to a guidance end point as
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a center route based on latest map information out of the
plurality of map information acquired by the map acquisi-
tion portion and based on information about the guidance
start point and the guidance end point received from a
navigation device. The available map specification portion
specifies map information available to the navigation device
from among the plurality of map information acquired by
the map acquisition portion. The second route computation
portion computes a route from the guidance start point to the
guidance end point as a navigation route based on the map
information specified by the available map specification
portion and based on the information about the guidance
start point and the guidance end point received from the
navigation device. Based on the center route and the navi-
gation route, the transmission map specification portion
specifies difference map information which is a difference
between the plurality of map information acquired by the
map acquisition portion and which is needed for the navi-
gation device to guide the center route. The map transmis-
sion portion transmits the map information specified by the
transmission map specification portion to the navigation
device.

According to this center device, the navigation device can
guide a route comparable to the route computed based on the
latest map information available to the center device while
minimizing map information transmitted from the center
device to the navigation device (restraining a load on the
communication network).

According to a first example of the present disclosure, a
center device comprises a map acquisition portion, a first
route computation portion, an available map specification
portion, a transmission map specification portion, and a map
transmission portion. The map acquisition portion acquires
a plurality of map information. The first route computation
portion computes a route from a guidance start point to a
guidance end point as a center route based on latest map
information out of the plurality of map information acquired
by the map acquisition portion and based on information
about the guidance start point and the guidance end point
received from a navigation device. The available map speci-
fication portion specifies map information available to the
navigation device from among the plurality of map infor-
mation acquired by the map acquisition portion. Based on
the map information specified by the available map speci-
fication portion and the latest map information representing
a vicinity of the center route, the transmission map speci-
fication portion specifies difference map information which
is a difference between the plurality of map information
acquired by the map acquisition portion and which is needed
for the navigation device to guide the center route. The map
transmission portion transmits the map information speci-
fied by the transmission map specification portion to the
navigation device.

According to this center device, the navigation device can
guide a route comparable to the route computed based on the
latest map information available to the center device while
minimizing map information transmitted from the center
device to the navigation device (restraining a load on the
communication network).

According to a third example of the present disclosure, a
tangible non-transitory storage medium stores a program
that causes a computer to function as each portion of the
above-mentioned center device. This storage medium can
also provide advantages comparable to the above-mentioned
advantages.

According to a fourth example of the present disclosure,
a navigation device communicating with the above center
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device comprise a map acquisition portion, a point trans-
mission portion, a map reception portion, a route computa-
tion portion, and a route guidance portion. The map acqui-
sition portion acquires map information from a map storage
portion storing the map information. The point transmission
portion transmits information about the guidance start point
and the guidance end point concerning route guidance to the
center device. The map reception portion receives the map
information from the center device. The route computation
portion computes a route from the guidance start point to the
guidance end point based on the map information acquired
by the map acquisition portion and the map information
received by the map reception portion. The route guidance
portion provides route guidance based on the map informa-
tion acquired by the map acquisition portion, the map
information received by the map reception portion, and the
route computed by the route computation portion.

According to this navigation device, the navigation device
can guide a route comparable to the route computed based
on the latest map information available to the center device
while minimizing map information transmitted from the
center device to the navigation device (restraining a load on
the communication network).

According to a fifth example of the present disclosure, a
map information transmission method performed by one or
a plurality of computers comprises a map acquisition step, a
first route computation step, an available map specification
step, a second route computation step, a transmission map
specification step, and a map transmission step. The map
acquisition step includes acquiring a plurality of map infor-
mation. The first route computation step includes computing
a route from a guidance start point to a guidance end point
as a center route based on latest map information out of the
plurality of map information acquired in the map acquisition
step and based on information about the guidance start point
and the guidance end point received from a navigation
device. The available map specification step includes speci-
fying map information available to the navigation device
from among the plurality of map information acquired in the
map acquisition step. The second route computation step
includes computing a route from the guidance start point to
the guidance end point as a navigation route based on the
map information specified in the available map specification
step and the guidance start point and the guidance end point
received from the navigation device. The transmission map
specification step includes, based on the center route and the
navigation route, specifying difference map information that
is a difference between the plurality of map information
acquired in the map acquisition step and is needed for the
navigation device to guide the center route. The map trans-
mission step includes transmitting the map information
specified in the transmission map specification step to the
navigation device.

According to this map information transmission method,
the navigation device can guide a route comparable to the
route computed based on the latest map information avail-
able to the center device while minimizing map information
transmitted to the navigation device (restraining a load on
the communication network).

According to a sixth example of the present disclosure, a
map information transmission method performed by one or
a plurality of computers comprises a map acquisition step, a
first route computation step, an available map specification
step, a transmission map specification step, and a map
transmission step. The map acquisition step includes acquir-
ing a plurality of map information. The first route compu-
tation step includes computing a route from a guidance start
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point to a guidance end point as a center route based on latest
map information out of the plurality of map information
acquired in the map acquisition step and based on informa-
tion about the guidance start point and the guidance end
point received from a navigation device. The available map
specification step includes specifying map information
available to the navigation device from among the plurality
of map information acquired in the map acquisition step.
The transmission map specification step includes, based on
the map information specified in the available map specifi-
cation step and the latest map information representing a
vicinity of the center route, specifying difference map infor-
mation that is a difference between the plurality of map
information acquired in the map acquisition step and is
needed for the navigation device to guide the center route.
The map transmission step includes transmitting map infor-
mation specified in the transmission map specification step
to the navigation device.

According to this map information transmission method,
the navigation device can guide a route comparable to the
route computed based on the latest map information avail-
able to the center device while minimizing map information
transmitted to the navigation device (restraining a load on
the communication network).

BRIEF DESCRIPTION OF DRAWINGS

The foregoing and other objects, features and advantages
of the present disclosure will become more apparent from
the detailed description given below with reference to the
accompanying drawings in which:

FIG. 1 is an explanatory diagram schematically illustrat-
ing a configuration of a navigation system;

FIG. 2 is an explanatory diagram schematically illustrat-
ing a configuration of a center device;

FIG. 3 is an explanatory diagram schematically illustrat-
ing a navigation device;

FIG. 4 is a flowchart illustrating a map information
reception process performed by the navigation device;

FIG. 5 is a flowchart illustrating a first map information
transmission process performed by the center device;

FIG. 6A is an explanatory diagram illustrating an example
of map information specified as information to be distributed
to the navigation device;

FIG. 6B is an explanatory diagram illustrating another
example of map information specified as information to be
distributed to the navigation device;

FIG. 7A is an explanatory diagram illustrating still
another example of map information specified as informa-
tion to be distributed to the navigation device;

FIG. 7B is an explanatory diagram illustrating yet another
example of map information specified as information to be
distributed to the navigation device; and

FIG. 8 is a flowchart illustrating a second map informa-
tion transmission process performed by the center device.

EMBODIMENTS FOR CARRYING OUT
INVENTION

Embodiments of the present disclosure will be described
in further detail with reference to the accompanying draw-
ings. The disclosure is not limited to the embodiments to be
described below but may cover all embodiments belonging
to the technological scope of the disclosure. Compatible
configurations of the embodiments may be combined.



US 9,470,535 B2

5

(Description of Configurations)

As illustrated in FIG. 1, a navigation system 5 according
to an embodiment includes a center device 10, navigation
devices 20a, 205, and 20c¢, and a communication network
30.

(1) Center Device 10

The center device 10 is provided as a known computer
and is also referred to as a server, for example. As illustrated
in FIG. 2, the center device 10 includes a communication
portion 11, a map information input portion 12, a map
information storage portion 17, a storage portion 13, a
display portion 14, a manipulation portion 15, and a control
portion 16. The center device 10 is installed at a data center.
A manager of the navigation system 5 manages the center
device 10.

The communication portion 11 includes a known com-
munication device and communicates with the navigation
device 20 via the communication network 30.

The map information input portion 12 is provided as an
input interface and is supplied with map information from
the map information storage portion 17.

The map information storage portion 17 includes a non-
volatile storage medium such as a hard disk or an SSD. The
map information storage portion 17 stores map information
such as node data, link data, lane data, traffic regulation data,
and facility data. The map information storage portion 17
stores not only the latest map information but also old map
information that is likely to be maintained in the navigation
device 20.

The storage portion 13 includes a nonvolatile storage
medium such as an SSD and stores a program executed by
the control portion 16 and various data needed to execute the
program.

The display portion 14 includes a display device such as
a liquid crystal display and is capable of visually displaying
a result of execution of a program by the control portion 16.

The manipulation portion 15 includes a known manipu-
lation device such as a keyboard or a mouse and accepts a
manipulation instruction from a manager.

The control portion 16 includes electronic circuits such as
a known CPU, RAM, and bus. The control portion 16 reads
a program stored in the storage portion 13 into the RAM and
allows the CPU to execute the program and thereby per-
forms various processes.

(2) Navigation Devices 20qa, 205, and 20c

The navigation devices 20a, 205, and 20c¢ are each
provided as a vehicle-mounted computer or a portable
computer. FIG. 1 illustrates three navigation devices 20a,
204, and 20c, but the number of the navigation devices is not
limited to three. As many navigation devices as needed are
available. In the description below, the navigation device 20
represents the three navigation devices 20a, 205, and 20c.

As illustrated in FIG. 3, the navigation device 20 includes
a communication portion 21, a map information input/output
portion 22, a map information storage portion 29, a storage
portion 23, a display portion 24, a manipulation portion 25,
a GPS signal reception portion 26, a motion sensor 27, and
a control portion 28.

The communication portion 11 includes a known com-
munication device and communicates with the center device
10 via the communication network 30.

The map information input/output portion 22 is provided
as an input/output interface. The map information input/
output portion 22 is supplied with map information from the
map information storage portion 29 and outputs map infor-
mation to the map information storage portion 29.
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6

The map information storage portion 29 includes a non-
volatile storage medium such as a hard disk or an SSD. The
map information storage portion 29 stores map information
such as node data, link data, lane data, traffic regulation data,
and facility data. The map information storage portion 29
does not always store the latest map information and may
store old map information. Map information transmitted
from the center device 10 updates the map information
stored in the map information storage portion 29.

The storage portion 23 includes a nonvolatile storage
medium such as a hard disk or an SSD and stores a program
executed by the control portion 28 and various data needed
to execute the program.

The display portion 24 includes a display device such as
a liquid crystal display and is capable of visually displaying
a result of execution of a program by the control portion 28.

The manipulation portion 25 includes a touch panel
integrated or overlapped with the display portion 24 or a
mechanical key switch placed near the display portion 24.
The manipulation portion 25 accepts a manipulation instruc-
tion from a user of the navigation device 20.

The GPS signal reception portion 26 includes an antenna
to receive a signal from a GPS satellite and a microcomputer
to compute the present position based on the signal received
from the antenna. The GPS signal reception portion 26
outputs information indicating the computed present posi-
tion to the control portion 28 at a specified frequency (e.g.,
once a second).

The motion sensor 27 includes an acceleration sensor or
a gyroscope. The motion sensor 27 measures an acceleration
or a torque applied to the navigation device 20 and outputs
a measurement value to the control portion 28 at a specified
frequency (e.g., once a second).

The control portion 28 includes electronic circuits such as
a known CPU, RAM, and bus. The control portion 28 reads
a program stored in the storage portion 23 into the RAM and
allows the CPU to execute the program and thereby per-
forms various processes.

(3) Communication Network 30

The communication network 30 is provided as a data
communication network such as the Internet and is capable
of wireless or wired connection.

(Description of Operation According to the First Embodi-
ment)

The following describes operation of the navigation sys-
tem 5 mainly according to two embodiments. Both embodi-
ments are equal to each other regarding the above-men-
tioned configuration.

First, the following describes operations of the navigation
system 5 according to the first embodiment. The description
below covers only operations concerning the present disclo-
sure and omits destination setting or route guidance after the
route computation already known as operations of an ordi-
nary navigation device.

(1) Map Information Reception Process

The control portion 28 of the navigation device 20 per-
forms a map information reception process based on a
program stored in the storage portion 23. The control portion
28 of the navigation device 20 settles a destination based on
a manipulation instruction received from a user via the
manipulation portion 25 and then starts the map information
reception process. The map information reception process
will be described below with reference to FIG. 4.

The control portion 28 of the navigation device 20 starts
performing the map information reception process to acquire
destination position information (S105). The destination
position information is acquired by a destination setting
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program that is executed before the map information recep-
tion process. The destination position information provides
a latitude and a route, for example.

The control portion 28 allows the GPS signal reception
portion 26 to acquire the present location information
(S8110). The present location position information provides a
latitude and a route, for example.

The control portion 28 transmits the destination position
information and the present location position information to
the center device 10 via the communication portion 21
(S115). In addition to these pieces of information, the
control portion 28 also transmits information that enables
the center device 10 to specify the map information main-
tained in the navigation device 20 and provides an identi-
fication number of the navigation device 20, a maintained
map partition ID, or map version information, for example.

The control portion 28 determines whether or not distri-
bution information is received from the center device 10 via
the communication portion 21 (S120). The distribution
information includes information resulting from processing
on the center device 10 based on the information transmitted
at S115. The distribution information may contain the map
information or may instead contain information indicating
that there is no map information to be distributed. In this
case, the map information is update on the map information
stored in the map information storage portion 29 of the
navigation device 20.

At S120, the control portion 28 may determine that the
distribution information is received from the center device
10 (Yes at S120). In this case, the control portion 28
advances the process to S125. The control portion 28 may
determine that no distribution information is received from
the center device 10 (No at S120). In this case, the control
portion 28 remains at S120.

The control portion 28 proceeds to S125 when determin-
ing that the distribution information is received from the
center device 10. At S125, the control portion 28 determines
whether or not the distribution information received at S120
contains the map information. At S125, the control portion
28 may determine that the distribution information contains
the map information (Yes at S125). In this case, the control
portion 28 advances the process to S130. The control portion
28 may determine that the distribution information contains
no map information (No at S125). In this case, the control
portion 28 advances the process to S135.

The control portion 28 proceeds to S130 when determin-
ing that the received distribution information contains the
map information. At S130, the control portion 28 updates the
map information stored in the map information storage
portion 29 based on the map information contained in the
distribution information. The control portion 28 then
advances the process to S135.

At S135, the control portion 28 computes a route from the
present position based on the position information acquired
from the GPS signal reception portion 26 to the destination
based on the position information acquired at S105 based on
the map information stored in the map information storage
portion 29.

At S140, the control portion 28 starts the guidance (route
guidance) based on the route computed at S135. To start the
route guidance, the control portion 28 reads and executes a
program to provide the route guidance from the storage
portion 23.

(2) First Map Information Transmission Process

With reference to FIG. 5, the following describes the first
map information transmission process performed by the
center device 10. When the communication portion 21
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receives the position information about the destination and
the present location from the navigation device 20, the
control portion 16 of the center device 10 starts performing
the first map information transmission process based on a
program stored in the storage portion 13. The control portion
16 starts performing the first map information transmission
process each time the control portion 16 receives the posi-
tion information about the destination and the present loca-
tion from the navigation device 20. When receiving the
position information about the destination and the present
location from the several navigation devices 20, the control
portion 16 performs the first map information transmission
processes corresponding to the navigation devices 20 in
parallel.

The control portion 16 of the center device 10 starts
performing the first map information transmission process
and acquires the position information about the destination
and the present location from the communication portion 21
(S205).

The control portion 16 then specifies the map information
maintained in the navigation device 20 based on information
that is attached to the position information about the desti-
nation and the present location and is capable of specifying
the map information maintained in the navigation device 20
(S210). As a specification method, for example, suppose that
the storage portion 13 stores a unique number of the navi-
gation device 20 associated with all map partition IDs
maintained in the navigation device 20. The unique number
of the navigation device 20 is transmitted from the naviga-
tion device 20 and is used as a key to retrieve the storage
portion 13 and specify the map partition ID maintained in
the navigation device 20.

The control portion 16 then computes a center route,
namely, a route from the position corresponding to the
position information about the present location received at
S205 to the position corresponding to the destination posi-
tion information, based on the latest map information stored
in the center device 10 (S215).

The control portion 16 computes a navigation route,
namely, a route from the position corresponding to the
position information about the present location received at
S205 to the position corresponding to the destination posi-
tion information, based on the map information specified at
S210 (S220).

The control portion 16 determines whether or not the
center route computed at S215 matches the navigation route
computed at S220 (S225). The control portion 16 advances
the process to S250 if it is determined that the center route
and the navigation route match (Yes at S225). The control
portion 16 advances the process to S230 if it is determined
that the center route and the navigation route do not match
(No at S225).

The control portion 16 proceeds to S230 when determin-
ing that the center route and the navigation route do not
match. At S230, the control portion 16 specifies the map
information about the center route as information to be
distributed to the navigation device 20. Specifically, the
control portion 16 specifies a newly opened road (a road not
maintained in the navigation device 20) contained in the
center route or a map partition containing the center route.
An example will be described with reference to FIG. 6A.

A solid-line route 51 represents the center route. A broken-
line route 52 represents the navigation route. A dash-dot line
53 represents a road (link sequence) on the center route. A
newly opened road (a road not maintained in the navigation
device 20) specifies road information corresponding to the
dash-dot line 53 as information to be distributed to the
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navigation device 20. A map partition containing the dash-
dot line 53 may be specified as the information to be
distributed.

Returning to FIG. 5, the control portion 16 re-computes
the navigation route (S235). Namely, the control portion 16
computes a route from the position corresponding to the
position information about the present location received at
S205 to the position corresponding to the destination posi-
tion information by adding the map information specified at
S210 and the map information specified at S230.

The control portion 16 determines whether or not the
center route computed at S215 matches the navigation route
re-computed at S235 (S240). The control portion 16
advances the process to S250 if it is determined that the
center route and the navigation route match (Yes at S240).
The control portion 16 advances the process to S245 if it is
determined that the center route and the navigation route do
not match (No at S240).

The control portion 16 proceeds to S245 when determin-
ing that the center route and the navigation route do not
match. At S245, the control portion 16 specifies the map
information about the navigation route as the information to
be distributed to the navigation device 20. For example, the
information to be distributed may include road information
(removed road information) that is absent in information on
roads constituting the navigation road but contained in latest
map information used by the center device 10 to compute the
center route, information about an attribute (e.g., one-way
traffic or the number of lanes) that is absent in the informa-
tion on roads constituting the navigation road but is present
the latest map information used by the center device 10 to
compute the center route, or road information about a
regulation (e.g., closure or one-side alternate traffic) that is
absent in the information on roads constituting the naviga-
tion road but is present in the latest map information used by
the center device 10 to compute the center route.

FIGS. 6B, 7A, and 7B are described below.

In FIG. 6B, the solid-line route 51 represents the center
route. The broken-line route 52 represents the navigation
route. A dash-dot line 54 represents a road (link sequence)
on the navigation route and also a removed road (a road
unavailable on the latest map used for the center device 10
to compute the center route). In this case, the road informa-
tion corresponding to the dash-dot line 54 is specified as the
information to be distributed to the navigation device 20. A
map partition containing the dash-dot line 54 may be speci-
fied as the information to be distributed.

In FIG. 7A, the solid-line route 51 represents the center
route. The broken-line route 52 represents the navigation
route. A dash-dot line 55 represents a road (link sequence)
on the navigation route and also an attribute change road (a
road whose attribute such as one-way traffic or the number
of lanes is changed). In this case, the road information
corresponding to the dash-dot line 55 is specified as the
information to be distributed to the navigation device 20. A
map partition containing the dash-dot line 55 may be speci-
fied as the information to be distributed.

In FIG. 7B, the solid-line route 51 represents the center
route. The broken-line route 52 represents the navigation
route. A dash-dot line 56 represents a road (link sequence)
on the navigation route and also a regulation change road (a
road whose regulation such as closure or one-side alternate
traffic is changed). In this case, the road information corre-
sponding to the dash-dot line 56 is specified as the infor-
mation to be distributed to the navigation device 20. A map
partition containing the dash-dot line 56 may be specified as
the information to be distributed.
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Returning to FIG. 5, the control portion 16 completes
S245 and then proceeds to S235. The control portion 16
re-computes the navigation route (S235), determines
whether or not the center route and the navigation route
match (S240), and repeats S245 and S235 until the center
route and the navigation route match.

The control portion 16 proceeds to S250 when determin-
ing that the center route and the navigation route match. At
S250, the control portion 16 organizes the information to be
distributed to the navigation device 20. Specifically, the
control portion 16 edits the map information hitherto speci-
fied as distribution targets (the map information specified as
distribution targets at S230 and S245) into a data format for
transmission. Obviously, in some cases, no distribution
target is present. In this case, the control portion 16 transmits
information indicating that map information as a distribution
target is absent.

The control portion 16 allows the communication portion
11 to transmit the distribution information, namely, the
information organized as a distribution target at S250, to the
navigation device 20. The control portion 16 then terminates
the process (the first map information transmission process).

(Advantages of the first embodiment)

There has been described the navigation system 5 accord-
ing to the first embodiment. According to the center device
10, the navigation device 20 can guide a route comparable
to the route computed by the center device 10 based on the
latest available map information while minimizing map
information transmitted from the center device 10 to the
navigation device 20 (while minimizing a load on the
communication network 30).

Concerning selection of the map information transmitted
from the center device 10 to the navigation device 20, the
center device 10 first selects map information corresponding
to a difference in the center route from the navigation route.
The center route and the navigation route may not match yet
even after the center device 10 re-computes the navigation
route by adding the selected map information. In such a case,
the center device 10 selects map information corresponding
to a difference in the navigation route from the center route.
The center device 10 thereafter repeatedly re-computes the
navigation route and selects map information corresponding
to a difference in the navigation route from the center route
until the center route and the navigation route match. The
center device 10 can efficiently select map information to be
transmitted to the navigation device 20.

(Description of Operation According to the Second
Embodiment)

The following describes operation of the navigation sys-
tem 5 according to the second embodiment. The following
mainly describes operations different from the first embodi-
ment and omits a description of the same operation as the
first embodiment. The navigation system 5 according to the
second embodiment differs from the first embodiment in the
map information transmission process performed by the
center device 10.

The following describes the second map information
transmission process performed by the control portion 16 of
the center device 10 according to the second embodiment.
When the communication portion 21 receives the position
information about the destination and the present location
from the navigation device 20, the control portion 16 of the
center device 10 starts performing the second map informa-
tion transmission process based on a program stored in the
storage portion 13. The control portion 16 starts performing
the second map information transmission process each time
the control portion 16 receives the position information
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about the destination and the present location from the
navigation device 20. When receiving the position informa-
tion about the destination and the present location from the
several navigation devices 20, the control portion 16 per-
forms the second map information transmission processes
corresponding to the navigation devices 20 in parallel.

The control portion 16 of the center device 10 starts
performing the second map information transmission pro-
cess and acquires the position information about the desti-
nation and the present location from the communication
portion 21 (S305).

The control portion 16 then specifies the map information
maintained in the navigation device 20 based on information
that is attached to the position information about the desti-
nation and the present location and is capable of specifying
the map information maintained in the navigation device 20
(8310). As a specification method, for example, suppose that
the storage portion 13 stores a unique ID of the navigation
device 20 associated with all map partition IDs maintained
in the navigation device 20. The unique ID of the navigation
device 20 is transmitted from the navigation device 20 and
is used as a key to retrieve the storage portion 13 and specify
the map partition ID maintained in the navigation device 20.

The control portion 16 then computes a center route,
namely, a route from the position corresponding to the
position information about the present location received at
S305 to the position corresponding to the destination posi-
tion information, based on the latest map information stored
in the center device 10 (S315).

The control portion 16 specifies difference map informa-
tion by comparing the map information specified at S310
and maintained in the navigation device 20 with the latest
map information that is stored in the map information
storage portion 17 of the center device 10 and is computed
at S315 in the vicinity of the center route (S320). The
vicinity of the center route may signify a map partition
including the center route or a range of a specified distance
from the center route. The information to be specified may
relate to a newly opened road, a removed road, a change in
the attribute (one-way traffic or the number of lanes), or a
change in the regulation (closure or one-side alternate traf-
fic).

The control portion 16 edits the map information specified
at $320 into the data format for transmission and then allows
the communication portion 11 to transmit the map informa-
tion as the distribution information to the navigation device
20 (S325). The control portion 16 terminates the process (the
second map information transmission process).

(Advantages of the Second Embodiment)

There has been described the navigation system 5 accord-
ing to the second embodiment. According to the center
device 10, the navigation device 20 can guide a route
comparable to the route computed by the center device 10
based on the latest available map information while mini-
mizing map information transmitted from the center device
10 to the navigation device 20 (restraining a load on the
communication network 30).

(Other Embodiments)

(1) The center device 10 includes one computer in the
navigation system 5 according to the above-mentioned
embodiments. However, the center device 10 may include
several computers. Operations performed by the center
device 10 may be assigned to the computers. The computers
need not be placed at one location but may be placed at
different locations. The navigation device 20 may perform
part of operations performed by the center device 10.
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(2) The navigation system 5 according to the above-
mentioned embodiments computes one optimal route as the
center route. However, multiple routes may be computed.
For example, multiple routes may be computed according to
conditions to compute routes such as a route giving prefer-
ence to toll roads, a route giving preference to general roads,
and a route giving preference to distances. In such a case, a
process comparable to the above-mentioned process may be
performed on each of the routes.

(3) According to the above-mentioned embodiments, the
navigation device 20 provides route guidance according to a
route computed by the navigation device 20 itself. However,
the navigation device 20 may not compute a route and may
provide route guidance according to a route received from
the center device 10.

For example, at S250, the first map information transmis-
sion process (FIG. 5) performed by the center device 10
transmits the information about the center route computed at
S215 (or the navigation route computed at S220) along with
the map information to the navigation device 20. At S235,
the second map information transmission process (FIG. 8)
performed by the center device 10 transmits the information
about the route computed at S315 along with the map
information to the navigation device 20.

At S135, the map information reception process (FIG. 4)
performed by the navigation device 20 does not compute a
route. At S145, the map information reception process starts
the route guidance using the route information contained in
the distribution information received from the center device
10.

These can produce advantages comparable to the above-
mentioned embodiments. The navigation device 20 need not
compute a route. The corresponding function of the navi-
gation device 20 can be eliminated.

(4) The above-mentioned embodiments specify a newly
opened road, a removed road, a change in the attribute
(one-way traffic or the number of lanes), or a change in the
regulation (closure or one-side alternate traffic) as the dif-
ference map information. Moreover, traffic congestion infor-
mation may be specified as the difference map information.
This enables to compute a route in association with the
traffic congestion information and allow a user to more
conveniently use the navigation device 20.

In the above-mentioned embodiments, the map informa-
tion input portion 12 of the center device 10 can correspond
to an example of a map acquisition portion (or means) in the
center device 10. The control portion 16 to perform S215
and S315 can correspond to an example of a first route
computation portion (or means).

The control portion 16 to perform S210 and S310 can
correspond to an example of an available map specification
portion (or means). The control portion 16 to perform S220
can correspond to an example of a second route computation
portion (or means). The control portion 16 to perform S230,
S245, and S320 can correspond to an example of a trans-
mission map specification portion (or means). The control
portion 16 to perform S255 and S325 can correspond to an
example of a map transmission portion (or means).

The control portion 16 to perform S250 and S235 can
correspond to an example of a route transmission portion (or
means).

The map information input/output portion 22 of the
navigation device 20 can correspond to an example of a map
acquisition portion (or means) in the navigation device 20.
The control portion 28 to perform S105 can correspond to an
example of a point transmission portion (or means). The
control portion 28 to perform S120 can correspond to an
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example of a map reception portion (or means). The control
portion 28 to perform S135 can correspond to an example of
a route computation portion (or means). The control portion
28 to perform S140 can correspond to an example of a route
guidance portion (or means).

A center device according to a first example as an embodi-
ment of the present disclosure includes the map acquisition
portion, the first route computation portion, the available
map specification portion, the second route computation
portion, the transmission map specification portion, and the
map transmission portion. The map acquisition portion
acquires map information. The first route computation por-
tion computes a route from a guidance start point to a
guidance end point (hereinafter referred to as a “center
route”) based on the latest map information acquired by the
map acquisition portion and the information about the
guidance start point and the guidance end point received
from the navigation device. The available map specification
portion specifies map information that is acquired by the
map acquisition portion and is available to the navigation
device. The second route computation portion computes a
route from a guidance start point to a guidance end point
(hereinafter referred to as a “navigation route”) based on the
map information specified by the available map specification
portion and the information about the guidance start point
and the guidance end point received from the navigation
device. The transmission map specification portion specifies
difference map information that is contained in the map
information acquired by the map acquisition portion and is
needed for the navigation device to guide the center route.
The transmission map specification portion specifies the
difference map information based on the center route and the
navigation route. The map transmission portion transmits
the map information specified by the transmission map
specification portion to the navigation device.

According to this center device, the navigation device can
guide a route comparable to the route computed based on the
latest map information available to the center device while
minimizing map information transmitted from the center
device to the navigation device (restraining a load on the
communication network).

The transmission map specification portion may favor-
ably specity map information corresponding to a difference
in the center route from the navigation route as the difference
map information needed to guide the center route. It may be
favorable to specify the map information about a difference
(link sequence) on the center route out of differences
between the center route and the navigation route.

Specitying the map information to be transmitted to the
navigation device as described above can increase the pos-
sibility of a match between a route computed based on the
map information maintained in the navigation device and a
route computed based on the latest map information avail-
able to the center device.

When the transmission map specification portion specifies
the map information, the second route computation portion
re-computes the navigation route in association with the map
information. When the re-computed navigation route differs
from the already computed center route, the transmission
map specification portion may favorably specify map infor-
mation corresponding to a difference in the re-computed
navigation route from the center route as the difference map
information needed to guide the center route. It may be
favorable to specify the map information about a difference
(link sequence) on the navigation route out of differences
between the center route and the navigation route.
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Specifying the map information to be transmitted to the
navigation device as described above can further increase
the possibility of a match between a route computed based
on the map information maintained in the navigation device
and a route computed based on the latest map information
available to the center device.

Each time the transmission map specification portion
specifies the map information, the second route computation
portion re-computes the navigation route in association with
the map information. The transmission map specification
portion may favorably further specify map information
corresponding to a difference in the re-computed navigation
route from the center route as the difference map information
needed to guide the center route until the re-computed
navigation route matches the already computed center route.

Specifying the map information to be transmitted to the
navigation device as described above can further increase
the possibility of a match between a route computed based
on the map information maintained in the navigation device
and a route computed based on the latest map information
available to the center device.

The navigation device may receive the map information
transmitted from the center device and then compute a route
in itself or may receive a route from the center device for
guidance. In other words, the center device may further
include the route transmission portion that transmits route
information capable of specifying the center route to the
navigation device.

According to this center device, the navigation device
need not compute a route. The corresponding function of the
navigation device can be eliminated.

The center device according to a second example of the
disclosure includes the map acquisition portion, the first
route computation portion, the available map specification
portion, the transmission map specification portion, and the
map transmission portion. The map acquisition portion
acquires map information. The first route computation por-
tion computes a route from a guidance start point to a
guidance end point (hereinafter referred to as a “center
route”) based on the latest map information acquired by the
map acquisition portion and the information about the
guidance start point and the guidance end point received
from the navigation device. The available map specification
portion specifies map information that is acquired by the
map acquisition portion and is available to the navigation
device. The transmission map specification portion specifies
difference map information that is contained in the map
information acquired by the map acquisition portion and is
needed for the navigation device to guide the center route.
The transmission map specification portion specifies the
difference map information based on the map information
specified by the available map specification portion and the
latest map information about the vicinity of the center route.
The map transmission portion transmits the map information
specified by the transmission map specification portion to
the navigation device.

The above-mentioned center device may further include
the route transmission portion (16, S250, S235) that trans-
mits route information capable of specifying the center route
to the navigation device.

In the above-mentioned center device, the map informa-
tion may contain the road attribute information.

In the above-mentioned center device, the map informa-
tion may contain at least one of the road regulation infor-
mation and the traffic congestion information.

A third example of the disclosure provides a map infor-
mation transmission method that is performed by one or



US 9,470,535 B2

15

several computers and includes the following steps. A map
acquisition step acquires map information. A first route
computation step computes a route from a guidance start
point to a guidance end point as a center route based on the
latest map information acquired by the map acquisition step
and the guidance start point and the guidance end point
received from the navigation device. An available map
specification step specifies map information that is acquired
by the map acquisition step and is available to the navigation
device. A second route computation portion computes a
route from a guidance start point to a guidance end point as
a navigation route based on the map information specified
by the available map specification step and the guidance
start point and the guidance end point received from the
navigation device. A transmission map specification step
specifies difference map information that is contained in the
map information acquired by the map acquisition step and is
needed for the navigation device to guide the center route.
The transmission map specification step specifies the differ-
ence map information based on the center route and the
navigation route. A map transmission step transmits the map
information specified by the transmission map specification
step to the navigation device.

According to this map information transmission method,
the navigation device can guide a route comparable to the
route computed based on the latest map information avail-
able to the center device while minimizing map information
transmitted to the navigation device (restraining a load on
the communication network).

A fourth example of the disclosure provides a map
information transmission method that is performed by one or
several computers and includes the following steps. A map
acquisition step acquires map information. A first route
computation step computes a route from a guidance start
point to a guidance end point as a center route based on the
latest map information acquired by the map acquisition step
and the information about the guidance start point and the
guidance end point received from the navigation device. An
available map specification step specifies map information
that is acquired by the map acquisition step and is available
to the navigation device. A transmission map specification
step specifies difference map information that is contained in
the map information acquired by the map acquisition step
and is needed for the navigation device to guide the center
route. The transmission map specification step specifies the
difference map information based on the map information
specified by the available map specification step and the
latest map information about the vicinity of the center route.
A map transmission step transmits the map information
specified by the transmission map specification step to the
navigation device.

According to this map information transmission method,
the navigation device can guide a route comparable to the
route computed based on the latest map information avail-
able to the center device while minimizing map information
transmitted to the navigation device (restraining a load on
the communication network).

A fifth example of the disclosure provides a navigation
device that communicates with the above-mentioned center
device and includes the following. A map acquisition portion
acquires map information from a map storage portion that
stores map information. A point transmission portion trans-
mits information about a guidance start point and a guidance
end point concerning route guidance to the center device. A
map reception portion receives map information from the
center device. A route computation portion computes a route
from the guidance start point to the guidance end point based
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on the map information acquired by the map acquisition
portion and map information received by the map reception
portion. A route guidance portion provides route guidance
based on the map information acquired by the map acqui-
sition portion, map information received by the map recep-
tion portion, and the route computed by the route compu-
tation portion.

According to this navigation device, the navigation device
can guide a route comparable to the route computed based
on the latest map information available to the center device
while minimizing map information transmitted from the
center device to the navigation device (restraining a load on
the communication network).

While there have been exemplified the embodiments and
configurations according to the present disclosure, embodi-
ments and configurations according to the disclosure are not
limited to the above-mentioned embodiments and configu-
rations. The scope of the embodiments and configurations
according to the disclosure also includes embodiments and
configurations resulting from appropriately combining dif-
ferent embodiments and configurations with the disclosed
technical elements.

The invention claimed is:

1. A center device comprising:

a map acquisition portion that acquires a plurality of map
information;

a first route computation portion that computes a route
from a guidance start point to a guidance end point as
a center route based on latest map information out of
the plurality of map information acquired by the map
acquisition portion and based on information about the
guidance start point and the guidance end point
received from a navigation device;

an available map specification portion that specifies map
information available to the navigation device from
among the plurality of map information acquired by the
map acquisition portion;

a second route computation portion that computes a route
from the guidance start point to the guidance end point
as a navigation route based on the map information
specified by the available map specification portion and
based on the information about the guidance start point
and the guidance end point received from the naviga-
tion device; and

a transmission map specification portion that, based on
the center route and the navigation route, specifies
difference map information which is needed for the
navigation device to guide the center route out of a
difference between the plurality of map information
acquired by the map acquisition portion and witch
corresponds to a difference between the center route
and the navigation route,

wherein

when the transmission map specification portion specifies
the difference map information, the second route com-
putation portion re-computes a route from the guidance
start point to the guidance end point as a re-computed
navigation route based on the map information speci-
fied by the available map specification portion by
taking into account the specified difference map infor-
mation and determines whether the re-computed navi-
gation route differs from the center route;and

when it is determined that the re-computed navigation
route differs from the center route, the transmission
map specification portion specifies map information
that corresponds to a difference between the re-com-
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puted navigation route and the center route as the
difference map information,

further comprising

a map transmission portion that transmits the map infor-
mation specified by the transmission map specification
portion to the navigation device.

2. The center device according to claim 1, wherein:

each time the transmission map specification portion
specifies the map information, the second route com-
putation portion re-computes the navigation route by
taking into account the specified map information; and

the transmission map specification portion further speci-
fies map information corresponding to a difference
between the re-computed navigation route and the
center route as the difference map information until the
re-computed navigation route matches the center route.

3. The center device according to claim 1, further com-

prising:

a route transmission portion that transmits route informa-
tion capable of specifying the center route to the
navigation device.

4. The center device according to claim 1, wherein:

the map information includes road attribute information.

5. The center device according to claim 1, wherein:

the map information includes at least one of road regu-
lation information and traffic congestion information.

6. A tangible non-transitory storage medium storing a

program that causes a computer to function as

a map acquisition portion that acquires a plurality of map
information;

a first route computation portion that computes a route
from a guidance start point to a guidance end point as
a center route based on latest map information out of
the plurality of map information acquired by the map
acquisition portion and based on information about the
guidance start point and the guidance end point
received from a navigation device;

an available map specification portion that specifies map
information available to the navigation device from
among the plurality of map information acquired by the
map acquisition portion;

a second route computation portion that computes a route
from the guidance start point to the guidance end point
as a navigation route based on the map information
specified by the available map specification portion and
based on the information about the guidance start point
and the guidance end point received from the naviga-
tion device; and

a transmission map specification portion that, based on
the center route and the navigation route, specifies
difference map information which is needed for the
navigation device to guide the center route out of a
difference between the plurality of map information
acquired by the map acquisition portion and which
corresponds to a difference between the center route
and the navigation route,

wherein

when the transmission map specification portion specifies
the difference map information, the second route com-
putation portion re-computes a route from the guidance
start point to the guidance end point as a re-computed
navigation route based on the map information speci-
fied by the available map specification portion by
taking into account the specified difference map infor-
mation and determines whether the re-computed navi-
gation route differs from the center route; and

when it is determined that the re-computed navigation
route differs from the center route, the transmission
map specification portion specifies map information
that corresponds to a difference between the re-com-
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puted navigation route and the center route as the
difference map information,
further comprising
a map transmission portion that transmits the map infor-
mation specified by the transmission map specification
portion to the navigation device.
7. The tangible non-transitory storage medium according
to claim 6, wherein:
each time the transmission map specification portion
specifies the map information, the second route com-
putation portion re-computes the navigation route by
taking into account the specified map information; and
the transmission map specification portion further speci-
fies map information corresponding to a difference
between the re-computed navigation route and the
center route as the difference map information until the
re-computed navigation route matches the center route.
8. A map information transmission method performed by
one or a plurality of computers, comprising:
in a map acquisition step, acquiring a plurality of map
information;
in a first route computation step, computing a route from
a guidance start point to a guidance end point as a
center route based on latest map information out of the
plurality of map information acquired in the map
acquisition step and based on information about the
guidance start point and the guidance end point
received from a navigation device;
in an available map specification step, specifying map
information available to the navigation device from
among the plurality of map information acquired in the
map acquisition step;
in a second route computation step, computing a route
from the guidance start point to the guidance end point
as a navigation route based on the map information
specified in the available map specification step and the
guidance start point and the guidance end point
received from the navigation device; and
in a transmission map specification step, based on the
center route and the navigation route, specifying dif-
ference map information that is needed for the naviga-
tion device to guide the center route out of a difference
between the plurality of map information acquired by
the map acquisition step and which corresponds to a
difference between the center route and the navigation
route,
wherein
when the transmission map specification steps specifies
the difference map information, the second route com-
putation step re-computes a route from the guidance
start point to the guidance end point as a re-computed
navigation route based on the map information speci-
fied by the available map specification step by taking
into account the specified difference map information
and determines whether the re-computed navigation
route differs from the center route; and
when it is determined that the re-computed navigation
route differs from the center route, the transmission
map specification step specifies map information that
corresponds to a difference between the re-computed
navigation route and the center route as the difference
map information,
further comprising
in a map transmission step, transmitting the map infor-
mation specified in the transmission map specification
step to the navigation device.
9. The map information transmission method according to
claim 8, wherein:
each time the transmission map specification step speci-
fies the map information, the second route computation
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step re-computes the navigation route by taking into
account the specified map information; and

the transmission map specification step further specifies
map information corresponding to a difference between
the re-computed navigation route and the center route
as the difference map information until the re-computed
navigation route matches the center route.

10. A navigation device communicating with a center

device,

the center device comprising:

a map acquisition portion that acquires a plurality of
map information;

a first route computation portion that computes a route
from a guidance start point to a guidance end point
as a center route based on latest map information out
of the plurality of map information acquired by the
map acquisition portion and based on information
about the guidance start point and the guidance end
point received from a navigation device;

an available map specification portion that specifies
map information available to the navigation device
from among the plurality of map information
acquired by the map acquisition portion;

a second route computation portion that computes a
route from the guidance start point to the guidance
end point as a navigation route based on the map
information specified by the available map specifi-
cation portion and based on the information about
the guidance start point and the guidance end point
received from the navigation device; and

a transmission map specification portion that, based on
the center route and the navigation route, specifies
difference map information which is needed for the
navigation device to guide the center route out of a
difference between the plurality of map information
acquired by the map acquisition portion and which
corresponds to a difference between the center route
and the navigation route,

wherein

when the transmission map specification portion speci-
fies the difference map information, the second route
computation portion re-computes a route from the
guidance start point to the guidance end point as a
re-computed navigation route based on the map
information specified by the available map specifi-
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cation portion by taking into account the specified
difference map information and determines whether
the re-computed navigation route differs from the
center route; and

when it is determined that the re-computed navigation
route differs from the center route, the transmission
map specification portion specifies map information
that corresponds to a difference between the re-
computed navigation route and the center route as
the difference map information,

further comprising

a map transmission portion that transmits the map
information specified by the transmission map speci-
fication portion to the navigation device;

the navigation device comprising:

a map acquisition portion that acquires map informa-
tion from a map storage portion storing the map
information;

a point transmission portion to transmit information
about the guidance start point and the guidance end
point concerning route guidance to the center device;

a map reception portion that receives the map infor-
mation from the center device;

a route computation portion that computes a route from
the guidance start point to the guidance end point
based on the map information acquired by the map
acquisition portion and the map information received
by the map reception portion; and

a route guidance portion that provides route guidance
based on the map information acquired by the map
acquisition portion, the map information received by
the map reception portion, and the route computed
by the route computation portion.

11. The navigation device communicating with the center
device, according to claim 10, wherein:
each time the transmission map specification portion
specifies the map information, the second route com-
putation portion re-computes the navigation route by
taking into account the specified map information; and
the transmission map specification portion further speci-
fies map information corresponding to a difference
between the re-computed navigation route and the
center route as the difference map information until the
re-computed navigation route matches the center route.
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